The histology of the oral mucosa of Macaca irus was studied in nineteen monkeys. It was found that the oral mucosa of this monkey is identical with that of man. No single specimen of M. irus had orthokeratinization of the gingivae in all regions. Tn addition, those sections of gingiva which exhibited orthokeratosis had a poorly developed granular layer. Thus it seems unlikely tbat keratohyalin granules contribute towards keratinization; they probably represent cytoplasmic debris.
The macaque monkeys are frequently employed as experimental animals in dental research.
Although the teeth and gingival epithelium of Macaca mulatta have been described (Schultz, 1933; Baume & Becks, 1950; Auskaps & Shaw, 1957; McHugh, W. D., 1959-' The development and structure of the gingival epithelium'.
Thesis, St. Andrews University), there is no published information concerning the structure and keratinization of the oral mucosa of the related Macaca irus.
MATERIALS AND METHODS
Nineteen Macaca irus monkeys, which had been fed on a normal diet and which had been scarificed for another research project, were studied.
The animals were perfused with 10 per cent formol saline after death, decapitated and the heads stored in 10 per cent formol saline.
Representative sections from different sites in the oral cavity were stained with Ehrlich's haematoxylin and eosin.
RESULTS

The buccal mucosa
The buccal mucosa ( Fig. I) was covered by stratified squamous epithelium many layers thick and thrown into folds, with the result that the nuclei of the superficial cells were not always parallel to the surface.
Whilst some of the nuclei of the surface cells were pyknotic, many had reticular chromatin. In some areas parakeratosis was noted, although in the main the epithelium of the buccal mucosa was non-keratinized. The epidermal ridges were clubbed. The underlying corium, which was vascular, consisted of a loose network of collagenous fibres with numerous fibroblasts and connective tissue cells. Within the corium were collections of mucous and serous alveoli, in which the former predominated and whose ducts opened into the oral cavity. Some of these glands were found in the striped muscle layer beneath the corium and were associated with collections of lymphocytes. No sebaceous glands were observed.
Lip
A sagittal section through the lips of Macaca irus (Fig. 2) showed the skin on one aspect with a well-defined keratin layer, hair follicles and sebaceous glands. At the lip margin t)1e keratin layer was lost and there was a change to the mucous membrane of the vestibule. The epidermal ridges were more numerous in the region of the transitional zone. It is interesting to note that adipose tissue was found under the skin and not under the mucous membrane. In the lip there were well-defined muscle fibres which were more closely related to the mucous membrane surface than the skin. Beneath the mucous membrane and between the muscle fibres were numerous mucous and serous alveoli, the former predominating. The mucosal aspect of the lip was non-keratinized.
The soft palate
From the nasal aspect the layers of the soft palate were:
1. pseudo-stratified columnar ciliated epithelium; 2. the lamina propria and aponeurosis; 3. a muscle layer posteriorly; 4. a thick lamina propria containing mucous glands; 5. the stratified squamous epithelium covering the oral aspect.
The last was many cells thick and was non-keratinized ( Fig. 3 ). Branched melanocytes in the basal layer of epithelium were noted in some of the specimens. Mitotic figures were prominent in the basal and lower layers of the stratum spinosum. The underlying corium was vascular and traversed by the ducts of mucous glands. The latter, which were numerous, were arranged in alveoli separated by strands of connective tissue. In the corium were found collections of lymphocytes. Beneath the mucous alveoli was a well developed layer of striped muscle.
Floor of mouth
The floor of the mouth (Fig. 4) was consistently non-keratinized. The nuclei of the surface layers of epithelium were flattened but not pyknotic. The epidermal ridges were poorly developed. The underlying corium was composed of loose connective tissue and in some areas was infiltrated with chronic inflammatory cells. 
Hard palate
The stratified squamous epithelium covering the palate (Fig. 5 ) had a well developed keratin layer in 17 of the 19 specimens.
The underlying corium contained bundles of collagen fibres between which were many blood vessels, nerves and lymphatics.
In those specimens taken from behind the incisors, bars of hyaline cartilage were observed in close association with the nasopalatine duct which is patent in this monkey.
Mucous glands were prominent along the lateral margins of the hard palate and in the region of the junction of the hard and soft palates.
Gingivae
The free and attached gingivae exhibited orthokeratosis, parakeratosis and LA WRENCE COHEN non-keratinization.
In some specimens the labial gingiva of the incisor regions exhibited non-keratinization, while the buccal aspects of the molar regions in the same specimens were fully keratinized.
The lingual gingiva in the molar regions were more consistently keratinized in all the specimens. There did not appear to be any correlation between age and degree of keratinization.
Thus non-keratinized and fully keratinized gingivae were found both in one-year old and in five-year old monkeys.
It was interesting that in no single specimen was orthokeratosis of the gingiva present in all regIOns.
Those sections of gingiva which exhibited orthokeratosis had a poorly developed granular layer (Fig. 6 ). All sections showed minimal infiltration with inflammatory cells. In those sections in which the attached gingiva had a well developed keratin layer the latter was often lost in the region of the crest. The crestal epithelium in these cases was non-keratinized.
In those specimens in which an epithelial attachment was present it was nonkeratinized.
Mitotic figures were more frequent in monkey gingiva than in human gingiva. They were found in the basal and lower levels of the stratum spinosum.
Interdental col
The interdental area showed buccal and lingual peaks connected by a depression, the col. The crestal epithelium on each side of the col was nonkeratinized, as was the epithelium of the col. Beneath the latter was a marked round cell infiltration composed of lymphocytes and plasma cells. In parts of the col epithelium there were breaks through which round cells had infiltrated.
This appearance of the col was found in the interdental area in the incisor regions as well as in the molar and premolar regions.
Tongue
The stratified squamous epithelium of the dorsum exhibited orthokeratosis, parakeratosis and non-keratinization. In most of the specimens the surface of the papillae were keratinized and there was parakeratosis elsewhere.
One specimen of the posterior third of the tongue was covered by non-keratinized epithelium.
The ventral aspect of the tongue was usually non-keratinized (Fig. 7) . Lymphoid tissue was found in the posterior third of the tongue and in some specimens occurred directly beneath the epithelium.
Mucous and serous alveoli were found between the muscle fibres in the posterior third of the tongue.
The serous alveoli were related to the circumvallate papillae and discharged by means of ducts into the moat around the papilla.
The glands of the tongue were mainly arranged in separate mucous and serous alveoli with little admixture.
Circumvallate papilJae were noted with numerous taste buds in the epithelium (Fig. 8) . 
DISCUSSION
From the results of the present study it is apparent that the oral mucosa of Macaca irus is identical with that of man. Sicher (1962) described three different types of oral mucosa, the masticatory mucosa, the lining mucosa and the specialized mucosa, and these were also found in the oral cavity of M. irus.
In man it has been observed that local differences in the type of keratinization are related to the mitotic rate in that region and to the degree of inflammation (Meyer, Marwah & Weinmann, 1956; Marwah, Weinmann & Meyer, 1960) . In M. irus, particularly in the gingival specimens, there was minimal cell infiltration and yet orthokeratosis, parakeratosis and non-keratinization were found.
One may therefore conclude that in M. irus local differences in the type of keratinization are related to the mitotic rate.
As in man, the gingivae, the tips of the papillae of the tongue, and the hard palate of this monkey were the only sites in the oral cavity where orthokeratinization was normally found.
It was interesting to find that no single specimen of M. irus had orthokeratinization of the gingivae in all regions. In addition, those sections of gingiva which exhibited full keratinization had a poorly developed granular layer. These findings are at variance with the views of Brody (1959 Brody ( a, 1959 Brody ( b, 1960 , who is of the opinion that the keratohyalin granules give rise to the interfilamentous cement, and with those of Matoltsy (1962) , who believes that the horny component of cornified cells are derived from cytoplasmic fibrils and keratohyalin granules. It also seems unlikely that keratohyalin granules are a direct precursor of fibrous keratin, as has been suggested by Mercer (1958) .
The paucity of keratohyalin granules in the gingiva of M. irus suggests that keratinization in this tissue is rapid (Montagna, 1962) . It is possible that keratohyalin granules are cytoplasmic debris, as they are more marked where mitosis is slow and the renewal time of the epithelium is prolonged.
The histological appearance of the interdental col was in agreement with the findings of Cohen (1959 Cohen ( a, 1959 Cohen ( b, 1960 Cohen ( , 1962 .
The decreased frequency of mitotic figures in human gingiva compared with monkey gingiva is probably due to the release of adrenaline in man associated with apprehension of a surgical procedure; with monkey there cannot be this apprehension (W. S. Bullough, 1965, personal communication).
